2
refluxed for 10 h under. The amino-modified silica colloids with a diameter of 100 nm were used for self-assembling work after cooling to room temperature (Fig. S1a ).
Preparation of yoctowells on amino-functional silica particles: Yoctowells
were prepared by following our earlier method with slight modified protocol to achieve higher concentration of wells 2 . The 1 gm of aminated silica colloidal was washed four times with anhydrous ethanol followed by CH 2 Cl 2 with repeated centrifugation and ultrasonification. Then, the silica particles were suspended in 50 mL of CH 2 Cl 2 containing and 1 mL of triethylamine was added with vigorous stirring under nitrogen atmosphere. Followed by addition of an 8 mL of tetracarboxy porphyrin activated with ethyl chloroformate (2.5 µL) was added dropwise. After stirring reaction mixture for 3 hrs, 5 mL of bolaaphiphile (6 mg) was added and the resulting suspension stirred in the dark overnight. The self-assembled yoctowellcoated nanoparticles were isolated by repeated centrifugation, dispersion and ultrasonification using CH 2 Cl 2 as solvent, and this procedure repeated for four times to remove excess porphyrin and bolaamphiphiles (Fig. S1b) . Then formed yoctowells were confirmed by discriminative fluorescence quenching of bottom porphyrins.
Figure S1
| a, preparation of amino-functional colloidal silica nanoparticles. b, Two step self-assembly: firstly covalent attachement of porphyrin activated with ethyl chloroformate (1), followed by bolaamphiphile (4) . c, Functionalization of walls (at double bonds) of the yoctowell by Michael addition of methylamine.
Confirmation of Yoctowells:
We have already established the protocol to confirm the formed wells by fluorescence quenching of the bottom porphyrin 2 . However, procedure described here for yoctowell formation is slight different than earlier developed method. Thus, we wanted to confirm, formed gaps are stable, which was carried out by the discriminative fluorescence spectroscopy to find out whether formed yoctowell gaps are rigid enough to encapsulate guest molecules. An obtained result clearly shows that formed gaps are very rigid, for example, addition of manganese(III)-parapyridinium porphyrin 5 (~2.2 nm) or meta-pyridinium porphyrin (~ 2 nm, not shown)
to the bottom porphyrin 1 diminish total fluorescence of the bottom porphyrin 1 and Figure S2 | Fluorescence quenching of the bottom porphyrin 1, by manganese porphyrin 5 (~2.2 nm) and manganese porphyrin 6 (~3.2 nm), results shows that only porphyrin 5 enter into the gaps and diminish fluorescence of the 1, however, a larger porphyrin 6 than the gaps donot have any effect on fluorescence of the bottom porphyin. Thus, formed gaps are exactly of the bottom porphyrin 1. 3 . Positive rim of the amino groups were introduced to the walls of the yoctowells by Michael addition of methylamine to the activated double bonds of the bolaaphiphile 4 to construct positive rim at the walls following our earlier developed protocol. Typically yoctowells-coated silica particles (25 mg) were dispersed in 20 mL of an aqueous solution of methyalamine (10 mM), after mixture was stirred for 2 h, the particles were isolated by centrifugation and followed by washing with Milli-Q water. the non-coated side was wiped off with a tissue paper given 2 nm yoctowells (Fig. 3) .
Preparation of positive rim to the walls of the wells
Furthermore, walls of the wells were with methylamine 5 : Typically, the electrode were immersed in aqueous solution of 10 mM of methylamine for 2 h followed by washing with Milli-Q water gives positive rim to the walls of the wells. 3. Synthesis 3.1 Doxorubicin 2 (DOX) was purchased from Sigma-Aldrich and used as received.
Scheme S1. Compounds used in this study.
Detail synthesis of used compounds in this study
Meso-tetrakis(3-carboxy-ethylformatephenyl)porphyrin (1) were synthetized in two step according to literature procedures.chloroformate at 0 ºC for 2 h in dichloromethane gives porphyrin 1 in purple color.
After removing solvent, compound (1) was redissolved in dichloromethane and used such as in next step for self-assembly on silica particles/gold electrodes. 
12-Oxo-dodecanoic acid benzyl ester (8):
This compound was prepared in two step following our earlier synthesis protocol. 2 In the first step carboxyl moirity was protected with benzyl: starting from 5g of 12-hydroxy dodecanoic acid afford 8 as white crystals, yield 4.8 g (93% Teradec-2-enedioic acid 14-benzyl ester 1-tert butyl ester (2.5 g, 14.45 mmol) in 50 mL toluene followed by addition of p-toluenesulfonic acid (0.3 g) then mixtures was refluxed for overnight. After removing the toluene, 100 mL of aqueous potassium bicarbonate solution was added and stirred. The white precipitate was filtered off and the filtrate was acidified to pH 3 with dilute HCl. The resulting suspension was extracted with chloroform dried with MgSO 4, solvent was under reduced pressure gave 9 as white solid, yield 1.9 g (80%). 
